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Nodaway  Lake  Dam 
Missouri 
Nodaway  County 

Tributary  to  Canal  Branch  One  Hundred  and  Two  River 
July  12,  1978 


Nodaway  Lake  Dam  was  inspected  by  an  interdisciplinary  team  of 
engineers  from  Hoskins-Western-Sonderegger,  Inc.  The  purpose  of  the 
inspection  was  to  make  an  assessment  of  the  general  condition  of  the 
dam  with  respect  to  safety,  based  upon  available  data  and  visual  inspec¬ 
tion,  in  order  to  determine  if  the  dam  poses  hazards  to  human  life  or 
property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Depart¬ 
ment  of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with 
the  help  of  several  Federal  and  State  agencies,  professional  engineering 
organizations,  and  private  engineers.  Based  on  these  guidelines,  this 
dam  is  classified  as  an  intermediate  size  dam  with  a  high  downstream 
hazard  potential.  Failure  would  threaten  the  life  and  property  at  four 
farmsteads  located  within  the  first  two  miles  downstream  of  the  dam  and 
would  also  cause  appreciable  damage  to  four  improved  road  crossings. 

The  estimated  damage  zone  extends  eight  miles  downstream  of  the  dam. 

Our  inspection  and  evaluation  indicates  that  the  spillway  does  not 
meet  the  criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above 
size  and  hazard  potential.  The  spillway  will  pass  0.48  of  the  Probable 
Maximum  Flood  without  overtopping  the  dam.  An  additional  deficiency,  in 
accordance  with  the  guidelines,  is  the  lack  of  seepage  analysis.  These 
analyses  should  be  obtained  in  the  future. 

Other  deficiencies  visually  observed  by  the  inspection  team  were 
small  trees  growing  on  the  upstream  embankment  slope,  some  deterioration 
of  the  limestone  riprap,  and  dense  growth  of  trees  and  brush  in  the 
channel  downstream  from  the  principal  spillway. 


Several  items  of  preventive  maintenance  need  to  be  initiated  by  the 
owner.  These  are  described  in  detail  in  the  body  of  the  report.  Copies 
of  the  report  have  been  furnished  the  dam  owner  and  the  Governor  of 
Missouri . 
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SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  program  of  safety  inspection  of  dams  throughout  the  United 
States.  Pursuant  to  the  above,  the  St.  Louis  District,  Corps  of  Engi¬ 
neers,  District  Engineer  directed  that  a  safety  inspection  of  the  Nodaway 
Lake  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams".  These  guide¬ 
lines  were  developed  with  the  help  of  several  Federal  agencies  and  many 
State  agencies,  professional  engineering  organizations,  and  private  engi¬ 
neers  . 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  Nodaway  Lake  Dam  is  an  earth  fill  approximately  1480  feet  in 
length  with  maximum  height  of  about  57  feet.  Topography  adjacent  to  the 
dam  is  gently  rolling.  Soils  on  the  lower  slopes  are  apparently  derived 
from  fine  grained  glacial  till.  Upland  soils  appear  to  be  loessial  in 
origin. 

(2)  The  primary  or  principal  spillway  consists  of  a  reinforced 
concrete  riser  with  a  30  inch  diameter  reinforced  concrete  pipe  conduit 
outlet. 

(3)  The  emergency  spillway  is  cut  into  glacial  till  on  the  left 
(east)  abutment.  It  has  a  bottom  width  of  40  feet  and  side  slopes  of 
3H  on  IV. 


b.  Location.  The  dam  is  located  in  the  north  central  portion  of 
Nodaway  County,  Missouri ,  as  shown  on  Plate  2.  The  lake  formed  by  the 
dam  is  shown  on  Plate  1  in  the  NE  1/4  of  Section  20,  T65N,  R35W  and  the 
SE  1/4  of  Section  17,  T65N,  R35W.  The  lake  is  also  shown  on  the  Maryville 
NE  Orthophotograph  (Plate  3). 
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c.  Size  Classification.  Criteria  for  determining  the  size  classi¬ 
fication  of  dams  and  impoundments  are  presented  in  the  guidelines  ref¬ 
erenced  in  paragraph  1.1c  above.  Based  on  these  criteria,  this  dam  and 
impoundment  is  in  the  intermediate  size  category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard 
classification  are  presented  in  the  same  guidelines  as  referenced  in 
paragraph  c  above.  Based  on  referenced  guidelines,  this  dam  is  in  the 
High  Hazard  Classification.  The  estimated  damage  zone  extends  eight 
miles  downstream  of  the  dam.  Within  the  first  two  miles  downstream  of 
the  dam  are  four  farmhouses  with  associated  farm  buildings  and  four 
improved  road  crossings. 


e.  Ownershii 
Conservation. 


The  dam  is  owned  by  the  Missouri  Department  of 


f.  Purpose  of  Dam.  The  dam  forms  a  70  +  acre  recreational  lake 
and  provides  flood  retardation  for  the  100-year  frequency  rainfall  event. 

g.  Design  and  Construction  History.  The  dam  was  constructed  in 
1966.  The  design  and  the  plans  for  construction  were  prepared  by  the 
Soil  Conservation  Service  (SCS),  Columbia,  Missouri.  Portions  of  these 
plans  are  included  with  this  report  as  Appendix  C. 

h.  Normal  Operating  Procedure.  Normal  rainfall,  runoff,  tran¬ 
spiration  and  evaporation  all  combine  to  maintain  a  relatively  stable 
water  surface  elevation.  Information  was  not  available  relative  to 
flow  through  the  emergency  spillway. 

1.3  PERTINENT  DATA 

a.  Drainage  Area  -  730  acres. 

b.  Discharge  at  Damsite. 

(1)  All  discharge  at  the  damsite  is  through  an  uncontrolled  reinforced 
concrete  drop  inlet  pipe  principal  spillway  and  a  grassed  earth  channel 
ungated  emergency  spillway. 

(2)  Estimated  maximum  flood  at  damsite  -  unknown. 

(3)  The  principal  spillway  capacity  varies  from  0  c.f.s.  at  eleva¬ 
tion  (1083.0)  to  129  c.f.s.  at  the  crest  of  the  emergency  spillway  (1086.0). 

(4)  The  principal  spillway  capacity  at  maximum  pool  elevation  (1087.3) 
is  131  c.f.s.  Maximum  pool  elevation  is  that  design  value  for  freeboard 
pool  level  as  furnished  on  SCS  as-built  plans. 
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(5)  The  emergency  spillway  capacity  at  maximum  pool  elevation  is 
141  c.f.s. 


c.f .s. 


(6)  The  total  spillway  capacity  at  maximum  pool  elevation  is  272 


c.  Elevation  (Feet  Above  M.S.L.). 


(1)  Top  of  dam  -  1089.0  (SCS  plans)  -  1089.3  (survey  12  July  1978). 

(2)  Principal  spillway  crest  -  1083. 

(3)  Emergency  spillway  crest  -  1086. 

(4)  Streambed  at  centerline  of  dam  -  1037±. 

(5)  Maximum  tail water  -  unknown. 

d.  Reservoir.  Length  of  maximum  pool  -  3700  feet  +. 

e.  Storage  (Acre-feet).  Top  of  dam  -  2140. 

f .  Reservoir  Surface  (Acres). 

(1)  Top  of  dam  -  80  acres  +. 

(2)  Spillway  crest  -  70  acres  +  . 

g.  Dam. 

(1)  Type  -  earth  embankment. 

(2)  Length  -  1480  feet  ±. 

(3)  Height  -  57  feet  +  maximum,  52+  at  centerline. 

(4)  Top  width  -  18  feet. 

(5)  Side  Slopes  - 

(a)  Downstream  -  2.5H  on  IV  down  to  a  15  foot  wide  berm  and  4H  on 
IV  below  the  berm. 

(b)  Upstream  -  3H  on  IV  with  10  foot  and  30  foot  wide  berms. 

(6)  Zoning  -  none  shown  on  plans. 

(7)  Impervious  core  -  none  shown  on  plans  but  all  embankment  material 
reported  to  be  clay  (CL)  as  shown  in  Appendix  C. 
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(8)  Cutoff  -  Plans  show  cutoff  varying  in  depth  from  5  to  15 
feet  with  10  foot  bottom  width  and  side  slopes  of  1H  on  IV. 

(9)  Grout  Curtain  -  none. 

(10)  Drains  -  Plans  show  foundation  drain  approximately  5  feet 
in  depth  extending  from  about  t  station  6+30  to  station  11+10  (sta¬ 
tioning  according  to  plans). 

h.  Diversion  and  Regulating  Tunnel.  None. 


(1)  Principal. 

(a)  Type  -  standard  SCS  reinforced  concrete  with  drop  inlet  and 
a  30  inch  reinforced  concrete  pressure  pipe. 

(b)  Length  of  weir  -  19  feet. 

(c)  Crest  elevation  -  1083.0  feet  m.s.l. 

(2)  Emergency. 

(a)  Type  -  standard  SCS  grassed  earth  channel. 

(b)  Control  section  -  40  foot  bottom  width  3:1  side  slopes. 

(c)  Crest  elevation  -  1086.0  feet  m.s.l. 

(d)  Upstream  channel  -  clear  and  well  grassed. 

(e)  Downstream  channel  -  badly  blocked  with  trees  and  brush  which 
could  affect  tailwater  conditions  on  principal  spillway  discharge. 

j .  Regulating  Outlets. 

(1)  Principal  spillway. 

(a)  24"  diameter  gated  port  (elevation  1075.0  invert). 

(b)  16"  diameter  ASA  Class  125  valve  (elevation  1053.56)  from 
as-built  plans. 

(2)  Emergency  spillway  -  None. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 


Data  on  the  geologic  investigation,  hydraulic/hydrologic  computa¬ 
tions,  construction  plans,  and  the  soil  mechanics/soil  engineering 
report  were  supplied  fay  the  Soil  Conservation  Service,  Columbia, 

Missouri.  This  information  is  shown  in  Appendix  C  and  Appendix  D. 

2.2  CONSTRUCTION 

No  construction  data  were  readily  available;  however,  it  is  reported 
that  the  dam  was  constructed  with  SCS  engineering  supervision  and  standard 
inspection  and  quality  control  procedures. 

2.3  OPERATION 

No  information  was  available  on  the  maximum  loading  on  the  dam. 

All  spillways  are  uncontrolled. 

No  information  available  on  operation  of  discharge  system. 

2.4  EVALUATION 

a.  Availability.  The  engineering  data  shown  in  Appendix  C  was 
readily  available  from  the  SCS,  Columbia,  Missouri. 

b.  Adequacy.  The  available  data  and  reported  information  are 
adequate  to  assess  the  design  and  stability  of  the  structure. 

c.  Val idi ty.  The  available  data  and  analyses  conform  with 
accepted  practice. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  Nodaway  Lake  Dam  was  made 
on  July  12,  1978.  Personnel  making  the  inspection  are  employees  of 
Hoskins-Western-Sonderegger,  Inc.,  Lincoln,  Nebraska,  and  included 
Garold  Ulmer,  civil  engineer;  Richard  Walker,  Hydrology,  and  Rey  S. 
Decker,  Soil  Mechanics  and  Geology. 

Results  of  the  visual  inspection  are  summarized  below.  Photo¬ 
graphs  are  shown  in  Appendix  B. 

b.  Dam.  Rough  measurements  of  the  profile  along  the  crest  of 
the  dam  and  emergency  spillway  centerline  and  cross-sections  of  the 
embankment  and  spillway  indicate  that  the  dam  was  constructed  according 
to  the  plans  shown  in  Appendix  C. 

The  dam  is  covered  with  an  excellent  growth  of  adapted  grasses 
and  legumes. 

A  few  small  trees  were  observed  along  the  upstream  face.  Riprap 
on  the  upstream  slope  extended  3  to  4  feet  above  the  water  surface. 

The  riprap  consists  of  a  rather  poor  grade  of  thin  bedded  limestone 
and  some  deterioration  was  noted.  No  significant  erosion  was  noted 
on  the  upstream  slope. 

Surface  materials  in  the  dam  consist  of  lean  to  fat  clays  (CL  or 

CH). 


There  was  no  indication  of  emergence  of  the  phreatic  line  or  other 
seepage  on  the  downstream  slope  or  along  the  toe  of  the  dam. 

The  foundation  drain  was  discharging  clear  effluent  at  the  rate 
of  approximately  1  gal/min.  A  few  small  seeps  were  observed  around  the 
left  (looking  downstream)  side  of  the  principal  spillway  stilling  basin 
or  plunge  pool.  These  seeps  extended  up  the  plunge  pool  slopes  about 
3  feet  above  the  water  surface  and  emerged  through  CL  material.  The 
very  small  discharge  from  these  seeps  was  clear. 

No  cracks,  slides,  or  abnormal  deformations  were  observed  in  the 
embankment. 

c.  Appurtenant  Structures. 

(1)  Principal  Spillway  -  There  were  no  indications  of  spalling  or 
deterioration  of  the  principal  spillway  riser  nor  the  concrete  pipe  out¬ 
let.  The  lake  level  was  at  the  spillway  crest  elevation  at  the  time  of 
the  inspection. 


(2)  Emergency  Spillway  -  The  emergency  spillway  is  well  vegetated 
with  adapted  grasses.  It  looked  very  good  with  no  evidence  of  erosion 
in  the  bottom  or  side  slopes. 

(3)  Drawdown  Facility  -  The  plans  show  a  30  inch  R/C  pipe  entering 
the  base  of  the  principal  spillway  riser.  Flow  through  this  system  is 
controlled  by  a  16  inch  valve  at  the  base  of  the  riser  and  a  24  inch 
slide  headgate  near  the  top  of  the  riser  (see  sheet  6  of  22  of  the  plans). 
This  system  is  designed  as  a  drawdown  facility  to  evacuate  the  reservoir. 
It  is  not  known  whether  or  not  the  gates  and  valves  are  operable. 

d.  Reservoir  Area.  No  wave  wash,  excessive  erosion  or  slides 
were  observed  along  the  "shore  of  the  reservoir.  The  east  shoreline  was 
riprapped  for  a  distance  of  1200  to  1300  feet  upstream  from  the  dam. 

e.  Downstream  Channel .  The  channel  downstream  from  the  principal 
spillway  is  badly  clogged  with  trees  and  brush. 

f.  Other.  There  is  an  old  gully  plug  or  small  farm  pond  about 
150  feet  downstream  from  the  toe  of  the  dam  opposite  about  centerline 
station  4+50  (stationing  as  shown  on  the  plans).  The  pond  was  dry  at 
the  time  of  the  inspection. 

3.2  EVALUATION 

None  of  the  conditions  observed  indicate  a  need  for  immediate 
remedial  action.  Trees  on  the  upstream  slope  of  the  dam,  trees  and 
brush  in  the  downstream  channel,  and  slight  deterioration  of  the  rip¬ 
rap  are  deficiencies  which  could  ultimately  impair  the  integrity  of 
the  dam  if  left  uncontrolled  or  uncorrected. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  level  is  normally  controlled  by  rainfall,  runoff,  evapora¬ 
tion  and  capacity  of  the  uncontrolled  spillways.  Procedures  for  operating 
the  drawdown  facility  are  not  known. 

4.2  MAINTENANCE  OF  DAM 

The  dam  is  reasonably  well  maintained.  Action  should  be  taken  to 
correct  the  minor  deficiencies  noted  in  Sections  3  and  7.2. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

It  is  not  known  if  the  drawdown  facility  is  operable  nor  if  and 
when  the  system  has  been  operated. 

4.4  DESCRIPTION  OF  WARNING  SYSTEM  IN  EFFECT 

The  inspection  team  is  not  aware  of  any  existing  warning  system 
for  this  dam. 

4.5  EVALUATION 

The  dam  and  appurtenances  appear  to  be  well  maintained  with  the 
exception  of  some  laxity  in  controlling  tree  growth  on  the  upstream  face 
and  allowing  a  few  sections  of  the  riprap  wave  protection  to  deteriorate. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Pertinent  hydraulic  and  hydrologic  data  which  were 
taken  from  as-Duilt  plans  furnished  by  the  SCS  are  tabulated  in  Appendix  D 
on  Hydrologic  Computations.  The  supporting  computations  are  attached. 

b.  Experience.  The  drainage  area  and  lake  surface  area  are  developed 
from  USGS  Maryville~Quadrangle  and  orthophoto  sheets.  The  spillway  and  dam 
layout  are  from  as-built  plans  and  surveys  made  during  inspection.  There 
were  no  major  discrepancies  discovered  as  far  as  the  hydraulic  structural 
components  of  the  dam  and  spillway  were  concerned. 

c.  Visual  Observations. 

t 

(1)  Principal  and  emergency  spillways  are  in  good  condition  except 
as  noted. 

(2)  The  emergency  spillway  does  not  appear  to  have  ever  been  used. 

(3)  The  emergency  spillway  and  exit  channel  are  in  the  left  hillside 
abutment  away  from  the  dam.  Spillway  releases  will  not  endanger  the  integ¬ 
rity  of  the  dam. 

d.  Overtopping  Potential.  The  spillways  are  too  small  to  pass  the 
probable  maximum  flood  without  overtopping.  One-half  the  PMF  will  overtop 
the  dam  by  0.24'  for  a  period  of  3.0  nours.  The  spillways  will  pass  the 
0.48  PMF  without  overtopping.  The  existing  spillways  will  pass  the  100- 
year  frequency  flood  without  overtopping.  The  results  of  the  routings 
through  the  dam  are  tabulated  in  regards  to  the  following  conditions. 


Frequency 

Inflow 

Discharge 

c.f.s. 

Outflow 

Discharge 

c.f.s. 

100  Yr. 

2239* 

131* 

1/2  PMF 

3380 

1014 

PMF 

6802 

6190 

0.48  PMF 

3000 

800 

Maximum 

Pool 

Elevation 

Freeboard 
Top  of  Dam 
Min.  Elev. 
1089.3 

Time 

Dam 

Overtopping 

Hr. 

1085.95* 

+3.35 

0 

1089.54 

-0.24 

3.00 

1091.11 

-1.80 

4.25 

1089.3 

0 

0 

♦Data  taken  from  SCS  as-built  plans 
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According  to  the  recommended  guidelines  from  the  Department  of  the 
Army,  Office  of  the  Chief  of  Engineers,  this  dam  is  classified  as  having 
a  high  hazard  rating  and  an  intermediate  size.  Therefore,  the  PMF  is 
the  test  for  the  adequacy  of  the  dam  and  its  spillways. 

The  St.  Louis  District,  Corps  of  Engineers,  in  a  letter  dated 
13  July,  1978  has  estimated  the  damage  zone  as  extending  eight  miles 
downstream  from  the  dam.  Within  the  first  two  miles  downstream  are 
four  farmhouses  with  associated  farm  buildings  and  four  improved  road 
crossings.  This  fact  was  verified  by  field  inspection. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Maintenance  features  that  could  affect 
the  long  time  safety  of  the  dam  are  discussed  in  Section  3.2. 

Hydraulic/Hydrologic  analyses  presented  in  Section  5  indicate  that 
the  dam  will  be  overtopped  by  the  probable  maximum  flood.  Under  those 
conditions,  water  would  flow  over  the  top  of  the  dam  to  a  depth  of  1.8 
feet  +  for  about  4.25  hours. 

b.  Design  and  Construction  Data.  The  engineering  data,  analyses, 
and  plans  supplied  by  the  SCS  conform  with  accepted  practice  and  are 
considered  adequate  to  assess  the  structural  stability  of  the  dam. 

There  is  no  reason  to  question  the  adequacy  of  construction  super¬ 
vision  and  quality  control. 

c.  Operating  Records.  There  are  no  appurtenant  structures  that 
require  operational  functions. 

d.  Post  Construction  Changes.  The  inspection  party  is  not  aware 
of  any  post  construction  changes. 

e.  Seismic  Stability.  This  dam  is  located  in  the  Zone  1  seismic 
probability  classification  area.  An  earthquake  of  this  magnitude  is 
not  expected  to  cause  structural  failure  of  this  dam. 


SECTION  7  -  ASSESSMENT/ REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  The  few  deficiencies  in  maintenance  that  were  observed, 
a  few  small  trees  and  minor  deterioration  of  the  riprap  on  the  upstream 
slope,  should  be  corrected  and/or  controlled.  The  probable  maximum  flood 
(PMF)  will  overtop  the  dam,  however,  the  spillways  are  adequate  to  pass 
the  flood  resulting  from  the  0.48  PMF  without  overtopping.  The  dam 

is  designed  to  impound  the  flood  resulting  from  the  storm  that  has  a  1 
percent  (1  in  100  years)  chance  of  occurrence  without  flow  in  the  emer¬ 
gency  spillway. 

b.  Adequacy  of  Information.  The  information  presented  in  this 
report  is  considered  adequate  to  assess  the  safety  of  the  structure. 
Seepage  analyses  were  not  found,  which  is  a  deficiency  that  should  be 
corrected  in  the  future. 

c.  Urgency.  There  is  no  immediate  urgency  to  accomplish  the 
remedial  measures  discussed  in  paragraph  7.2. 

d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase  I 
inspection.  Phase  II  investigations  are  not  considered  necessary. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  1. 

An  earthquake  of  this  magnitude  is  not  expected  to  be  hazardous  to  this 
dam. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives.  The  size  of  the  spillway  could  be  enlarged  to 
pass  the  probable  maxi  mini  flood. 

b.  0&M  Maintenance  and  Procedures. 

(1)  The  trees  should  be  removed  from  the  upstream  face  of  the  dam 
and  measures  initiated  to  prevent  recurrence. 

(2)  Additional  riprap  should  be  installed  in  those  areas  of  the 
upstream  face  where  wave  erosion  is  evident. 

(3)  The  affects  of  the  tree  clogged  channel  downstream  from  the 
principal  spillway  upon  tailwater  elevations  in  the  plunge  pool  are  not 
known.  The  downstream  channel  should  be  cleared  of  trees  and  brush  and 
measures  initiated  to  prevent  recurrence  of  growth. 
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PHOTO  NO.  2 
LOOKING  UPSTREAM 
IN  EMERGENCY 
SPILLWAY 


PHOTO  NO.  3 
LOOKING  INTO 
FOREBAY  OF 
EMERGENCY 
SPILLWAY 


PHOTO  NO.  4 
LOOKING  WEST 
ACROSS  LAKE 
AND  UPSTREAM 
FACE  OF  DAM 


PHOTO  NO.  3 
LOOKING  NORTH 
ACROSS  RESERVOIR 
FROM  WEST  END 
OF  DAM 


PHOTO  NO.  9 
LOOKING  AT 
DOWNSTREAM  CHANNEL 
FROM  TOP  OF  DAM 


PHOTO  NO.  10 
DOWNSTREAM  SLOPE 
FROM  STA.  3+00 
TO  EAST 


APPENDIX  C 
PLANS  AND  REPORTS 
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juaiaaa  of  12  feet.  Core  8 ample  63W3594  represents  this  zone.  The  soft 
7CL- zone  directly  overlies  the  Util,  except  for  the  area  at£  Station^  r  ^- 
‘  frK^)  yhere”a;19-rocrt  ztme  of  stratified  silts,  clays,  sad  fine  sandi.vere  ' 
encountered,  on  tqp  of  the"  till- zsopji  #f*m  this  zone  (6303396}  Clew 
'ifies  as  .an  'EM¥<-7?-5tv 

■  ■•'■:  .■■  -  •  •  v.  *  v-;  ^  •?*.'  i .rt  .-.  >V  .  ri-  ■  .;•.•;/•.» .. 

„  Blow  Count  and  Density;  _  wi  rar  count  In  .the.  zone,  of  firm  alluvial  CL  and 
CE  was  In  the  range  of  7  to  8  blows  per*  foot.  These  tests,  although  ~ 
ahcrve  water  table,  appear  to  represent  saturated  material.  Undisturbed 
samples  from  2  to  3  fact  above  the  zone  of  blew  count  bad  a  moisture 
content  in  the  range  of  2 4#  which  is  at  8t£  or  mare  of  theoretical  satura¬ 
tion.  The  density  of  the  materiel  is  this  zone  as  represented  by  Samples 
6303824  and  6303825  is  about  96. 0  p.c.f.  The  natural  density  of  this 
material  appears  to  be  within  5  p.c.f.  of  maximum  Standard  density  based 
on  a  comparison  of  samples  with  similar  gradation  and  plasticity  from  the 
borrow  erea. 

The  zone  of  soft  CL  has  &  blow  count  of  4  or  less  blows  per  foot.  Only 
one  blow  per  foot  was  recorded  in  this  zone  in  test  hole  5-  Core  Sample 
6303594  fran  the  soft  alluvial  zone  had  a  density  cf  about  94.0  p.c.f.  to 
97  p.c.f.  This  is  a  sandy  CL  and  the  natural  density  appears  to  be  in  the 
range  cf  about  85^  of  Standard  Proctor. 

The  stratified  sandy  zone  underlying  the  soft.  CL  zone  in  test  bole  5  her 
blew  count  of  free.  6  to  11  ex.',  the  blow  count  within  the  till  is  geireral-V 
in  the  ran ee  of  8  to  13  ole:.  "  par  trot. 

A  coze  sample  fran  the  19  to  21- f cot  depth  in  test  hcLs  6  was  fren  a  cone 
of  CL  logged  as  c lightly  firm.  A  bleu  count  test  irate  Ohio  acne  shored  5 
blows  per  foot.  The  core  Lai  a  density  of  fro n  3j - 1  p.c.f.  tc  J1  p.c.f. 
The  material  is  a  high  plasticity  CL.  The  uneonfined  compressive  strength, 
the  irecor.solide.ticn  presour«.  indicated  by  the  consolidation  test  and  the 
genera]  appearance  of  the  arterial  suggest  that  the  acne  represented  by 
this  cere  may  actually  to  till  rather  than  alluriuc. 

C.  Shear  Strength;  The  shorn*  strength  cf  the  various  foundation  materials  u= 
indicated  by  trianlal  tests  cn  undisturbed  3 r voles  are  as  follows . 

(1)  i  =  2-~ ,  c  =  cOO  p.c.f.  far  the  high  plasticity,  lira  :illxrr;.ua. 

(2)  $  -  la . 8° ,  c  a  175  p.c.f.  for  the  cere  legged  as  soft  alluvium. 

(3)  i  ~  16”,  c  =  GCO  p.c.f.  is  considered  to  repremt  ;h  a_::inun  streny. 
cf  tire  fine,  slc-ci^-L  till. 


Based  cn  blew  count  test: 


stratified  alluvJ 


retro , 


hole  5,  is  elected  to  hove  shear*  strength  equivalent  to  than  obtained  cn 
Sample  63K355S  (till). 
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Consolidation:  Consolidation  tests  were  made  on  core  Semples  63^3  59b  and  ~  -: 

63*3593.  She  consolidation  estimate  at  the  conduit  -location  (4  6*90)  was  iy  >-* 

xepartaUlsy  18,71963-. 

Total  consolidation  far  the  floodplain,  sectionals  estimated  as  -follows:  "x*'*r*$i* 

-  „JSu.  • 

(1)  The  thin  zone  of  surface  ML  sill  be  lgg*^y're«rrvieA  y*gry; 

..  ,  ...  and  ’ccaapaated  during.  site  ^preparation;,  therefore,  ..the  erm*nTiitn+Ann 

potential  si  thin  this  zone  staHA  be  negli(£blia£ 

.-,  t.  .  ••-  ._■  •." .“,".V; ^v*.- 

(2)  Eie  firm  CL  or  CH  Alluvial  zone  has  a  relatively  high  density.'  The 

consolidation  potential  of  this  material  should,  not  exceed  that  of 
borrow  Sample  63^3615.  The  test  density  of  63V3615  was  95.5  p.c.f., 
which  is  about  equivalent  to  the  natural  density  of  the  material  in 
this  zone.  Borrow  Sample  63K3615  is  a  high  plasticity  CL  that  is 
comparable  to  the  material  in  this  zone.  She  consolidation  potential 
within  the  firm  CL  or  CH  alluvial  zone  under  the  proposed  loading  Is 
estimated  to  fee  2$  or  about  0.2  foot.  *  » 


(3)  Sample  62^3^^  is  considered  representative  of  the  soft  CL  alluvial 
zone.  Consolidation  potential  within  this  zone  under  the  proposed 
loading  1e  eatixsted  to  be  about  8  porccnt  cr  O.J  foot. 


(4)  The  pre consolidation  pressure  of  tun  till  ae  shewn  by  Scnpis  63/3 59^ 
is  in  ensess  cf  tbs  proposed  loci;  therefore,  the  til!  ic  considered 
an  incczr: ru  z  ?.  i.l>  _e . 


v  5)  Thu  bio"  count  in  the  stratified  silt,  exsy  and  fine  anal  layer  it. 
tout  bole  9  in  suits  high  and  this  zone  is  also  considered  ns  incom¬ 
pressible  . 


ita  total  corns  o~icr.wior  vithin.  the  floodplain  ractica  in  ectinatad  to  ha 
1.1  fee:. 
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includes  &  correction  for  the  Dr  Else. 
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C.  Shear  Strength:  ftrlaxial  shear  testa  were  made  do  borrow  Sfflple  63W359^. 

The  test  was  madH/stb.95^  of  Standard  Proctor  density  «t  saturation  end  is 
..V  considered  to  represent  the  glac.lwl  till  samples  stOttLttedL^  JUfae^tlll '  -•..•> >.  _ 
sanpleo  represei$"ti«  largest  volume  of  barrow  «*>»«  a  •  > 

*  *  -w*  .  - :  -*.... w >*-y-.  1  l ~.y^ ^ j?v;ss~5 ■  • 

Shear  values  obtained  were  $  «  8.5*  sad  c  «  650 

.-  ~  -  ;*s3ssr**  ■:  ••■:  • 

SLOPS  STi-BILICT:  ■ 

The  stability  of  the  proposed  embankment  van  checked  with  a  modified  Swedish 
circle  method  of  analysis.  The  anaiyei s  was  made  for  the  floodplain  section 
(£  Station  &ryO)T  the  naxlttga  embankment  section  sad -a  section  at  the 
principal  spillway  location.  A  phreatic  line  fires  emergency  spillway  elevation 
was  assumed.  Thfit-followlag  shear  strength  values  were  used  far  the  different 
materials  along  ’tibe  assumed  failure  exes.-;  •  - ’■isz*f<  •“.’::  '  \ 
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s  along ijbe  assumed  failure  exes*';  • 
anknsnt  -<?f  «*  8. 5%  c  *  650  p.s.f.  ; 


(1)  Embankment  -Tp  *  8.5*j  c  *  650  p.s.f.  ■  '  *.  ’ 

(2)  Firm  purfacs  allmritts  -  $  =  21° ,  c  «  600  p.s.f.  This  zone  vas  consid¬ 
ered  as  9  feet  thick  In  the  floodplain  and  also  at  the  principal 

spillway  location. 

(3)  Soft  nlluvi-vl  zone  -  /  =  1= .  ~ c ,  c  =  175  p.s.f-  This  zon^  cmr-  ccnoiler-v. 
as  12  re"':  vfcr.eh  in  tr:  f^cor'-i  icir.  cml  9  feet  thiol;  at  tee  prinea?..' 
spill'.r.;*  '  ceaeion. 
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8+00 

6.0 

CH  Alluriua 

9+00 

6.0 

CL  or  CH  Alltnrlxa 

10+00 

6.0 

CL  Alluvia: 

11+00 

6.0 

CL  Aliurimn 

12+00 

6.0 

CL  Till 

13+00 

T.O 

CL  Till 

14+00 

7.0 

CL  Till 

The  6.0-foct  mlr.lTwir.  depth,  is  suggested  to  insure  that  the  trench  bettoas 
belcrcr  the  zone  effected  bp  drying  c ranis . 


It  appears  that  ?.  deep  te-oueh  in  the  ring's  os’  .15  t?  lb  fesi  vault  c: 
required  to  cut  ci"‘  ta:-  erniy  zooot  at  1  Hi.  ';i.:.r.  5fT?*  in  ?n  alnci-u'. '::'  v : 
to  a  deep  cuucii  at  thin  In -.ntinc^.  a  .at . .''A-:-*.-  cut ; f  S.O  fiat'  '..'1. '.  a  .'•£_ 
trench  <?rs.ir.  c:u?d.  on  valid  £cr  idle-  taction. 


Eie  trench  s!.c\v  A  !..:  te/inTiHc"  v.'.H  CJ  nii  cnn“_si  la  v.'i  c  —>•'  — v-;*  -  - 
nercant  of  ScTi.c.a.'i  tri  e  car  Ac nr it ■ . 


B.  Principal  S-lIjarv:  5c-:-  rreii  rinarr  •••  ..era  intci  Mr;'  ii,  1So3- 


C.  Brain;  A  ireir  ic  Tccvirs.i  ter  cr_-_n..-.  ;>.•  i  stability  *rjth  iV..-;  r. - nnocai 
2  1/2:1  oTii’  •:■:!  Aryist •.•car.  clip-  nil  a  I'j-ioot  barrs  at  el'-vntiar.  j'iuC. 
In  vier  of  tun  erniy  rcni.a  that  iyynrr  to  ourur  intern! ttont? y,  r.  dr.*!... 

■J  r  /■* r  S  1  •  ~. T* ~  '  /  ?  '•  —•*■%%"<-  -  *’*  *  •  V  '-  i*.’  •' i  »•*  *  •  * 

i>u  t  V,.  W  t.  >  j  -  o— ■  -  -  <  «  v  „  w  h  k  M  fc»w  • 


A  fcunclnlirr  trench  dr..:  a  \e  ;:•  ^  7  .-ar.  .1  oi_r.  it  rile.  ;out:.,:_  tic  r*.*e  a:  t.  c 
lias  vi thin  a  e...  -t  sx*  "ire  rrr/t? roaoa.  t  peine t  papii. 

ins  drnln  it c: tied  '.r'.ir  anr-anJ.  £i.r:  *  cn.  ■■_.  dacii-ci  iactc.  of  sa; ety 
of  the  doiT-oorca.-.  z~z--.  .  i'er  r  Cl ...  c  >  ai'-nirrma  t.i:  drain  car.  fee 
locatac.  at  c,.  3  »  0.1  it  ■>  =  r  Circa  d  cr  C  dcaa.  the  drnir. 

should,  be  Icr.r.tc:.  i-.i  about  c/c  -  1 .  j  ^u  cr.  or  co  obtain  a  lector  oi  safe 
in  the  range  oi  1-  "■•  'I-*-  bruin  er.oa-,1  :::tcni  up  tic  r.&uhnc-r. be  to  dent 

eleraticn  IQcC .  Cue  *tv:r>.c'.\  cl  role.  p:nccrc.tc  tb-:.  fcuniciion  about  1  feet, 
except  in  the  •••.-01.  c  1  ~  1  :.u';iru  v>75  '-uevo  ^  -cro-n.cn  in  cc  ui  l.-'-at  12 
feet  is  cuiSneti.j.. 


A  desipne-i  filour  ic  r.ct  rer.vdro-.i  fr.*  Mr  drain.  2:c  ereept:’ or.  to  thin 
nay  ha  in.  tie  cr-cc  of  £  Station  7':‘T5  xtcot  hole  15)  iliare  tnc  drain 
nateritl  vill  ba  in  contact  viol  the  sandy  lenses  car  strata.  Any  renoon- 
ahiy  we  Li- graded clean  sexe -ynarcl  rirture  cay  be  used  for  the  drain 


*  '*•'  P  *  ■  *'  +* 


S.  Culpepper  —  6/24/63  .  ;  :•  /. 

sk  V’Bey  S.  Becker  ' 

SubJ:  Missouri  VP-08,  Tj02  River  Tributaries,  Site  No.  C-3 


where  the  drain  will  be  Jin.  contact  with  CL.  ?or  the  sandy  areas  where 
fl'lthe  drain  will  be  in  contact  with  naterials  like  the  SM  and  SM-6P  strata 
STj-yin’Wt  hole  13, ' a-designed  filter  should  be  used.  ; 

~B.  . .  js.  *- -f ■; ^ %  -' "  rj£ ;  :*g. . 


•"  •'*.'  '*' •■•-'  -  .  •C****-.* 

Sv-.vL^  •glacemmrt  of  Materials:  X  homogeneous  embankment  of  CL  material  is 
-recooniended.  Die  embankment  material  should  be  placed  at  a 
r^'^Trof '^5  per  cent  of  Standard  Proctor"  density..  .The  placement  moisture 
-  .content  ahotOd  be  maintained  at  optimum  or  above. 

.  ;4r'.J.5Wpjf.;.  ‘  .'  •*7«vr»  ~v,v —  •  »  '...  ^  ^  -  * 


2.  Slopes;  The  following  slopes  have  satisfactory  factors  of  safety  and 
are  recommended. 

-  -  -  A.  Ppstreaa:  3:1  with  10-foot  berms  at  elevation  1084. T  and  1073 
•  \*i'  and  a  30-foot  berm  at  elevation  Io6o. 

Where  the  24-foot  berm  is  required  eround  the  inlet  (Elevation  1084.7} 
the  upstream  slope  could  be  modified  as  follows;  3:1  with  a  24- 
foot  berm  at  elevation  1084 .7 j  a  10-foot  bent  at  elevation  1073; 
and  a  20-foot  berm  at  elevation  1060. 

B-  Downstream:  2  1/2:1  above  with  a  15-foot  berm  at  elevation  1C6C 
and  a  4:1  slope  below  the  berm. 

3-  Settlement:  An  overfill  allowance  of  1.75  feet  is  suggested  to  com¬ 
pensate  for  residual  consolidation  within  the  foundation  end  the 
embankment. 


Prepared  by: 


Lorn  P.  Dunrigcn 
Reviewed  one  Approved  by: 


Attachments 


Roland  B.  FLiilipc 
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cc:  W.  S.  Culpepper  (2) 

B.  J.  Behrens,  Milwaukee,  N  scoasin 
Haroll  Tcvasend,  Be  than;.-,  Missouri  (2) 
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SC3-355  (Rev.  u/59) 


U.  S.  DEPARTMCNT  Cr  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  MECHANICS  LABORATORY  Sample  Hunter. 

TIM  AXIAL  SHEAR  TEST  DATA 

_  Location  dl. * 4L ZLL  1 


Koisture-Oensity  Oata 

Specifications: 

StanrlwrH  (“l  M sx-jr  pcf 

Specimen:  „  Max. 

0  Consol idated 

CZ3  Drained 

Modified  CD  Optimum 

Curve  no.  of  Moisture  S 

Height 

Diamoterl-V  Material 

CD  Unconsolidated 

El  undrained 

L.L.  il  P.  1.  /V  Class  CL  G 
t  Finer  Than:0.002mmid  0. 005mm 2|#:00 43 

53  UndisturOed  and  Tested  at: 

E3  Natural  Moisture 

CD  Sat u rat  ion 

O  Remolded  and  Tested  at: _ 

.  J  of  CD  Standard 

CD  Modified 

Other  Factors  Affecting  Shear: 

with  w»  . 

*  which 

is 

«  nlaperaion  2<jf  t  Salt 

Ot her: 

CD  Lower  than  CD  Optimum 

Opt imum 

CD  Higher  than 

Opt imum 

CD  Saturated 

Test  Data 


Consol  i Cation 
Data 


F  i  nal 

e. 


% 

Strain 

at 

Failure 

€ 


°i.Z 


4-0 


m 


K 

/(St. 


unit 

Cohesion 


— LL.Psi 

175  pc t 


»**»  * 


Shear  Stress 


SCjS-355  (Rev.  U/59) 


/=_  G &Z./.A 


Project  _ _ _ 


Moisture-Density  Data 

Standard  CD  Max.y  _ pc_f 

Modified  O  optimum 

Curve  No. _ of _  Moisture _ % 


L.L.  tAd»  P.  i.  Class 

t  Finer  Than:0.002ron,2=rt).005mm2£IA200£<; 
Other  Factors  Affecting  Shear: 

S  Dispersion  <?/  t  Salt _ 

Other: 


Koisture  Content 


Height  di 
Diameter. 


Lateral 

Pressure 


End 

i 

Oi 

Orig. 

££Br 1 

o 

•  S3£6 

3^.2 

/ o 

i iztli 

•  <76oS 

BE® 

zc 

E SSI 

.8871 

bh n 

m 

V84S*  \ 

.8/61 

U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  MECHANICS  LABORATORY 

TRIAXIAk  SHEAR  TEST  DaYa‘ 

_  Location  _ 


Specif icat ions: 
Specimen:  ,,  Max. 


Sample  Numoer 


,<»!Q 


C2^onsol  idated 
CD  Unconsol idated 


CD  Drained 

CZ>tfndrained 


.  Material 


CEO  Undisturbed  and  Tested  at  Natural  Moisture  OSaturation 

CD  Remolded  and  Tested  at: _ *  of  CD  Standard  CDModified 

with  w»  _ J  which  is 

CD  Loner  than  CD  Optimum  CD  Higher  than  CD  Saturated 

Optimum  Optimum 


Test  Data 


Consolidation  Stress 


at 

Fail  ure 
3\  -5-, 


/S-3 


2in 


2^.5 


Unit 

Cohesion 


K’ 


Tan  (ft 


j  in  Founds  per  Square  Inch 


IE2 


SnSKuSSSSuSSuSSS 

■■nmuigEiiimni 


m 


-  normal  Stress  in  Pounds  per  Square  inch 


LPD 


Ml  -  * 


Tr  v  C 


•  *1  *  .  -S  % 


SC5-35S  (Rev.  4/59) 


Project  J6ZJ&.  ve  r-  JjTiJj. _ 


Moisture-Censi tv  Data 

Standard  Ca  M&x.y  jAh-d-L pcf 

Modified  O  fln. ' 

opt  imum  _ 

Curve  so.  L  of _  Moisture  /  a.  O  t 


L.L.  t.\.2JL  Class  C<L  G.S-.faA 

*  Finer  Than:0. 002^^0. 005mm31i20o2i 
Other  Factors  Affecting  Shear: 

I  Oispersion  _ *  Salt _ 

Other:  MoUtd  Of  'Ss4urt^nr\ 


Moisture  Content 

Lateral 

Pressure 

Start 

* 

mm 

Em 

End 

1 

24.3, 

WEBk 

2V.0 

/<? 

24.5 

1  tn.c.  1 

251 

20 

mm 

wm  ma 

30 

U.  S.  DEPARTMENT  Or  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  MECHANICS  LABORATORY 

TR I AX  I  At  SHEAR  TEST  DATAa 

ts  Cz  3  Location  A 


Spec! f icat ions: 

Specimen:  ,,  Max. 

Height  3: A.  .Sice  ^ _ lA 

i  /i 

Diameter  A  Y  Material 


Sample  Numoer. 

S3  pun _ . 


G3-£onsol  idated 
CD  Unconsolidated 


\W36/1 


CD  Drained 
G=3iJndrained 


CD  UndisturPed  and  Tested  at:  CD  Natural  Moisture 
CSTfemolded  and  Tested  at:  of  G3"Standard 


with  W  m 
CD  Opt  imum 


t  which  ii 


CD  Lower  than  CD  Opt 
Opt imum 


Test  Data 


Consol idat ion 
Data 


CD  Higher  than 
Opt imum 


CD  Sat u rat  ion 
CD  Modified 
s 

□Saturated 


* 

Strain 

at 

Failure 

f 


SO 


internal 
Frict ion 

Tan  <p 


Tan  (f> 


Unit 

Cohesion 


_*£psi 

4S3psf 


j  in  Pounds  per  Square  Inch 


■4o 


■■—a 

iiuu 

■■■■■I 


■■■■■■ 


II  |  I  III  |  M 

■nui||iiEfi|Hni«iBnnunn|enaniSiuupig!iin^H 
Slue— WewSeegiMiw— ■■ie—Bw—  wmmiagn— — —i 
■■■■■MiuaiHiipiinuHpuwnmimmiiinimSi 

■■BilHiHHiS 


130  1  .  [_£<£_]  ISO  J  . 

Normal  Stress  in  Pounds  per  Square  men 


Z.  PD 


[g£ 

JJu-iOt 


Square  Inch 


-355  (Rev.  tt/59) 


Project  i&L-j. £  U.'Zjr. 


Moisture-Density  Oata 
Standard  JSQ  m. 
Modified  CD 


7U 


U.  S.  DEPARTMENT  Of  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  MECHANICS  LABORATORY 

_T8 1 AXIAL  SHEAR  TEST  DATA  . . 

— d £C  Location  _ 


Sample  number Z?S WS<f/ 3 


<.y  /<D5~Z>  ncf 


^  Optimum  1 

Curve  no. _ of _  Hoi. it  ure  '  /ry  i 


L.L.  Vfa  P.  I.  W7  Class  CL  Gs  .2.  G.I,. 
*  Finer  Than:0.002ram£4'o.005mm3i»20072 
Other  Factors  Affecting  Shear: 

t  Dispersion  _ S  Salt _ 

Other: 


Specif icat ions: 

Specimen:  Max. 

Height  3  O  tj\7B  *-Mt 
D  i  amet er  Mater  i al 


E3  Consol  i dated 
CD  unconsolidated 


□  undisturoed  and  Tested  at:  CD  Natural  Moisture 
29  Remolded  and  Tested  at  s  of  E3  Standard 

with  w»  /70  |  which  is 


CD  Lower  than  KjOptimtxn 

Opt  imum 


CD  Higher  than 
Optimum 


CD  Drained 
CD  undrained 

CD  Sat  u  rat  icn 
CD  Modi  f  ied 
s 

CD  Saturated 


Unit 

Cohesion 


Square  Inch 


SC $-355  (Rev.  4/59) 


«  /  —  /  miHAinu  diiLnit  i  uvj  i  i/n  i 

Prnjnrt  A')-*!'  jllllL.  'ZjlISL  Ql2u _ _  LOCat  i Oh  . 


Moisture-Density  Data  Specifications: 

Standard  CD  Max./  _ pcf  •  Specimen:  Max.  v 

Modified  □  Optimum  '  Height  -—Size  -£_± 

riirvn  wn.  of  Moisture  -*  Oiameter^C _ Material 

L.L._fL^  Class  Ds  jg  Undisturbed  and  Tested 

*  Finer  Than:0.002mm;370.005mmf'iA200gi‘  q  Remolded  and  Tested  at: 

Other  Factors  Affecting  Shear:  w;th  w 

*  Dispersion  .  — *  Salt -  r~ 3  Lower  than  CD  Ootimum 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  MECHANICS  LABORATORY 

TR I AXIAL  SHEAR  TEST  DATA 

_  Locat  ion  _____ 


Specifications: 

•  Specimen:  Max.  / 

*  Height _ _Size_i_=_ 

0  i  amnter/***  ‘  Mat er  i  al 


Sample  Number 


E3  Consol  idated  CD  Drained 

CD  Unconsolidated  £53  undrained 


CS  Undisturbed  and  Tested  at 


with  w* 


CD  Natural  Moisture  ^Saturation 
.  *  of  O  Standard  CDModified 
_  S  which  is 


CD3  Lower  than  CO  Optimum 
Optimum 


Opt i mum 


Moisture  Content 


Lateral  Consolidation  Stress 

Pressure  0ata _ 

End  I  _  Orig.  I  Final  Failure 


Unit 

Cohesion 


tt IZ-psi 
^22.psf 


y  in  Pounds  per  Square  Inch 


s*  ~  ynjNL.ni  ~>i  T'  •*  n  * 


SCS-352  Rev.  (10/53) 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
SOIL  MECHANICS  LABORATORY 


COMPACTION  AMD  PENETRATION  RESISTANCE  REPORT 

*  L10-J2&(2 

a  Ma  .  C.  rxi  A  r  I  iK 


Oate  _  —  Samoi g  Ho.:  Fieid  _ 

Pmi»fr  I1-  P 1 '/ £r.  Ti' '  C  >T^ C  it-:.!  N  C-2 _  Location  M  <  f- PC/,’’ I 


pmiwr  n-' 

Samole  Location  and  Depth 


vi  Co  M(-o  r'T-: 


f-Ca' 


■■■■■I 

niiai 


PuiiiiiiiniuNiiiumimin 
nMimiiiaiKuiMimuMliuHM 


wiBiuamuHiNi 


■■■■■■ 


(■MM 


IMUMI 


■■■■■■■■■■■■■I 


■■■■■■■■■■■■■■I 


■■■■■I 


(■■I 


i^um! 


■■■■■■a 


IBBBI 


iiK»awn 


TYPE  OF  TEST 
CSJ  Standard  Proctor 

•I _ I  Modified  AASHO 

I _ I  Other 

» 


MOISTURE  CONTENT  IN  PERCENT  OF  DRY  WEIGHT 


TEST  PROCEDURE 

of  Hammer _ ■S.  ^  .  Las. 

£3;  I  nches 


Weight  of  Hammer, 
Drop 

Lifts _ 

Vol.  of  Cylinder. 


.Cu.Ft. 


[  Classification 

CL 

Material  compacted  represents 

and  passed  *  ^  .sieve 

(Sp.  Gr.)  Gs- 

?.C£> 

Curve 

/  of  -7 

58M-26 


V  '  l 


-  ■*> 


HDD 


SCS-352  Rev.  (10/58) 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
SOIL  MECHANICS  LABORATORY 


,  COMPACTION  AND  PENETRATION  RESISYANCE  REPORT 


0*te  ' _ _  Sample  No.:  Fieid  _ 

Project’  L2£  Riy/^rt-  ig.c  H C-2 _  Location 

Samole  Location  and  Depth  .  - 

T  Cbrf  ?3~ :  r- 


trope  j 


TYPE  OF  TEST 
Standard  Proctor 
Modified  AASHO 

Other  _______ 

* 


MOISTURE  CONTENT  IN  PERCENT  OF  DRY  WEIGHT 


TEST  PROCEDURE 

Of  Hammer  Lag. 

_ l  nches 

J 


Weight  of  Hammer 
Prop 

Lifts _ 

Vol.  of  Cylinder. 


.Cu.Ft. 


Classi  fication 

CL 

Material  compacted  represents  j 

and  passed 

sieve  1 

(Sp.  Gr.)  Gs- 

7.67 

Curve  2 

^  v  ^ 


s  % 


*■  H* 
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U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
SOIL  MECHANICS  LABORATORY 


COMPACTION  ANO  PENETRATION  RESISTANCE  REPORT 

Samnl  a  no.  :  F t  ei  d _ —  '  ^  _  Lad  _  -  - 


Bate  _ _ _  Sample  Ho.:  FieuJ  _ 1  J _  Lad 

\-y>  P\v/!£ATT.  I  *'.»rAr?sy  ‘  C-  r  Location  M>r..r-VJPi _ 

Inrat  inn  and  Onnth  C  -1 f  ! .  ■  V I _ P  T  ■?  2. _ *7  T~  v>  3 


MOISTURE  CONTENT  IN  PERCENT  OF  ORY  WEIGHT 


IS) 

TYPE  OF  TEST 

Standard  Proctor 

TEST 

Weight  of  Hammer. 

PROCEDURE 

57  S’ 

_ Lbs. 

■CD 

Modified  AASHO 

Drop  .  . 

IT. 

.inches 

CD 

Other  .  _ 

Lifts  . 

3 

* 

Vol .  of  Cylinder. 

A, 

.Cu.Ft. 

Classification  C"Z- 


Material  compacted  represents 
_i££L_  percent  of  the  sample 
and  passed _ A  ¥  si  eve 


(Sp.  Gr.)  Gs-  ?.(>( 


S8M-26 


000 


«  '-I-.  1...  ’  ~ 

,  -  -"l 

U.  S.  DEPARTMENT  Or  AGRICULTURE 

•  ! 

SOIL  CONSERVATION  SERVICE 

SCS-352  Rev.  (10/S3) 

SOIL  MECHANICS  LABORATORY 

- - - 

,  COMPACTION  AND  PENETRATION  RESISTANCE  REPORT 

Samnle  No.  ;  Field  _  !o<r-z  , 


Oate  .  - _ _  Sample  No.:  Fieid  -  -  LlJLLz 

Pm  jorf  •  1 0  -  EZ—LZZ.  UT“  •' '  "5  __  Location  _M  I  SC'i’jr.  I 

Samole  Location  and  Depth  l*  (<  T‘  r..‘l  Cl r.ZSl - 


tf-12  ' 


r l  //,  /  ' 


MOISTURE  COM  TEN  T  IN  PERCENT  OF  DRY  WEIGHT 


TYPE  OF  TEST 
Standard  Proctor 
Modified  AASHO 
Other  . 

» 


TEST 

PROCEDURE 

Weight  of  Hammer. 

575" 

_ LBS. 

/2. 

_ Inches 

Lifts 

j 

Vol.  of  Cylinder. 

Vz* 

_Cu.  Ft.  ■ 

Material  compacted  represents 

^  c  0  oorr  or.  t  nf  th.  carnl  a 


percent  of  the  sample 


and  passed _ ' 


(S p.  Gr.)  Gs-  ?.L2 


Curve  £  of  *7 


A'. 


'2' 


5  *  »  V* 


U.  S.  DEPARTMENT  OF  AGRICULTURE 


58M-26 


report  to  field  offices  data  used  for  slope  stability  analyses  and  the  results  of  the  analyses 
of  the  form  will  be  used  for  a  sketch  of  the  embankment  on  which  the  analyses  have  been  made. 


Oonr)s?-’<  '=>r 
/OZ  /?//&*? 
•  M/ssoctrt. 


af  'Sheet'  /  of 

TW8S.  —  .S/ 


To  be  used  to  report  to  field  offices  data  used  for  slope  stability  analyses  and  the  r  suits  of  the  analyses. 
The  right  side  of  the  form  will  be  used  for  a  sketch  of  the  embankment  on  which  the  analyses  have  been  made. 


Cor.  Tin  uof/on  o  -T  SrtZSr  2?  of 3 

/as  /S/yzrT/P/S's-  S/^C-3 

Af/sset/W/-- _ .._'  -:< - : 


FORM  SCS-357 
10-58 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

SOIL  HEMATICS  LABORATORY 
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HYDROLOGIC  COMPUTATIONS 


1.  The  Mockes  dimensionless  standard  curval inear  unit  hydrograph  and 
the  SCS  TR-20  program  were  used  to  develop  the  inflow  hydrographs  (see 
Plate  01).  The  inflow  hydrograph  for  the  100-year  flood  is  taken  from 
design  computations  furnished  by  the  SCS  on  their  plans.  However,  a 
100-year  storm  inflow  was  generated  by  the  consultant  using  the  TR-20 
program  and  it  compared  closely  in  regards  to  peak  and  shape. 

a.  Six-hour,  100-year  rainfall  for  the  dam  location  was  taken 
from  NOAH  Technical  Paper  40,  which  compared  closely  with  the  furnished 
SCS  value.  The  24-hour  probable  maximum  precipitation  was  taken  from 
the  curves  of  Hydrometeorological  Report  No.  33  and  current  OCE  direc¬ 
tives  furnished  3  August  1978. 

b.  Drainage  area  =  1.14  square  miles. 

c.  Time  of  concentration  of  runoff  =  25  minutes. 

d.  The  antecedent  storm  conditions  were  heavy  rainfall  and  low 
temperatures  which  occurred  on  the  previous  5  days  (SCS  AMCIII).  The 
initial  pool  elevation  was  assumed  at  the  crest  of  the  principal  spillway. 

e.  The  total  six-hour  storm  duration  losses  for  the  100-year 
storm  were  0.92  inches  (SCS)  which  is  a  0.23  PMF  storm.  The  total 
losses  for  the  24-hour  duration  1/2  PMF  storm  were  1.2  inches.  The 
total  losses  for  the  PMF  storm  were  1.3  inches.  These  data  are  based  on 
SCS  runoff  curve  No.  90  and  antecedent  moisture  conditions  from  SCS 
AMCIII. 

f.  Average  soil  loss  rates  =  0.05  inch  per  hour  approximately. 

2.  Combined  spillway  discharge  ratings  used  were  SCS  design  computations 
(sheet  1  of  4  E-20552-H)  for  the  principal  spillway.  The  emergency  spill¬ 
way  rating  was  developed  by  extending  the  SCS  design  computations.  This 
was  done  using  the  concept  of  critical  depth  in  the  spillway  control  sec¬ 
tion  and  conservative  head  losses  through  the  spillway  entrance  section 
(head  loss  =  0.25  Hv),  where  Hv  is  the  velocity  head  at  the  spillway  con¬ 
trol  section.  These  computations  were  compared  using  the  SCS  design 
computer  program  for  rating  and  routing  earth  channel  emergency  spillways. 
The  results  compared  reasonably.  The  flows  over  the  dam  crest  are  based 
on  the  broad  crested  weir  equation  (Q  =  CLH  3/2),  where  H  is  the  head  on 
the  dam  crest;  the  coefficient  C,  which  varies  with  head,  is  taken  from 
the  USGS  publication  "Measurement  of  Peak  Discharge  at  Dams  by  Indirect 
Methods;  Book  3,  Chapter  5,  TWRI*'. 

3.  Floods  were  routed  through  the  spillway  using  the  TR-20  program  to 
determine  capability  of  the  spillway  and  dam  embankment  crest.  The  storm 
rainfall  patterns,  inflow  hydrographs  and  routed  outflow  hydrographs  are 
given  on  Plate  Dl. 


